suMMARY Left ventricular asynergy in myocardial infarction was assessed quantitatively by computer analysis of the cross sectional echocardiogram.
apex were recorded at end diastole and end systole by using a phased array sector scanner (ALOKA SSD-800) and video recorder (Sony), simultaneously with the electrocardiogram and phonocardiogram (Fig. 1 those that satisfy the threshold determined by procedure 4 were detected as echo edges (procedure 5). Then, the echo region was extracted by detecting brighter pixels than echo edges determined as mentioned above (procedure 6). From many candidate points on endocardial and epicardial outlines, only the points that satisfied the following criteria were selected as the most likely candidates for points on the boundaries of the left ventricular wall (procedure 7). The first one was an outline which was generally smooth without any abrupt deviations of curvature. The second one consisted of outlines that did not cross. Best fit contours of endocardial and epicardial edges were drawn by fitting a spline through these points (procedure 9), after extraction of points making up the convex figure (procedure 8). Protruding echoes of trabeculae or papillary muscle were excluded in this procedure. Fig. 3 shows the digitised image of an end diastolic short axis view of the left ventricle at papillary muscle level. Fig. 4 shows the edge determined by sequential steps of smoothing, edge extraction, decision of grey level threshold for echo signals, and detection of edge which satisfy this threshold. Extraction of candidate points on endocardial and epicardial outlines was performed after procedure 6 (Fig. 5) . Fig. 6 demonstrates best fit contours of endocardial and epicardial edges selected using a spline fitting technique after procedure 8. To quantify regional wall motion, short axis cross sectional images of the left ventricle were divided automatically into eight octants with eight axes at 450
angles from the initial standard axis which was constructed from the geometric centre of the end diastolic left ventricular chamber to the posterior end of the right side of the interventricular septum (fixed axis method) (Fig. 7) . End diastolic and end systolic segmental hemiaxis (Dd, Ds), segmental area (Ad, As), segmental wall thickness (Thd, Ths), and changes segmental hemiaxis (D), area (A), and wall thickness (Th). G is the centre ofgravity ofend diastolic left ventricular cavity during the cardiac cycle were measured and calculated by the computer in each of septal (S1, S2), anterior (A1, A2), lateral (L1, L2), and posterior (P1, P2) segments (Fig. 7) . Regional contractility of the left ventricular wall was evaluated by systolic percentage changes of segmental hemiaxis, segmental area, and segmental wall thickness, measured as (Dd-Ds)/Dd, (Ad-As)/Ad, and (Ths-Thd)/Thd in each octants.
Regional contractility of the left ventricular wall was also quantified from 35 mm right anterior oblique cineangiograms using the hemiaxis approach of Herman et al7 (Fig. 8) ever, showed considerably wide variations (Table 2) and were excluded from this study.
The mean value ± 2 SD was considered to be within the normal range in each measurement except in the apex level, as shown with two solid lines in Figs. 9 and 10. Regional wall motion in myocardial infarction Fig. 9 shows (Dd-Ds)/Dd, (Ad-As)/Ad, and (ThsThd)/Thd values of eight octants at three levels in patients with anteroseptal infarction. (Dd-Ds)/Dd and On the other hand in inferoposterior infarction, (Dd-Ds)/Dd, (Ad-As)/Ad, and (Ths-Thd)/Thd values in L2 P1 P2 of the mitral valve section and L2 P1 P2 SI of the papillary muscle section were significantly lower than those in normal subjects, as shown in Fig.   10 .
These values were significantly reduced in the segments nearly corresponding to the infarcted areas 
MOTION OF GEOMETRIC CENTRE OF LEFT VENTRICULAR CHAMBER DURING CARDIAC CYCLE IN NORMAL SUBJECTS AND MYOCARDIAL INFARCTION
Figs. 12-14 show the motion of the geometric centre 145 of the left ventricular cavity during systole in normal subjects and those with myocardial infarction. The X axis is the initial reference axis of the left ventricular short axis image, the Y axis is the axis intersecting the X axis at right angles, and the intersecting point is the position of the geometric centre at end diastole. Therefore, the first quadrant (Al, A2) corresponds to the anterior area, the second quadrant (LI, L2) to the lateral area, the third quadrant (P1, P2) to the posterior area, the fourth quadrant (SI, S2) to the septal area, respectively. Each dot in the figures shows the position of the geometric centre at end systole.
In normal subjects, the geometric centre of the left ventricular cavity at three levels moved only 0 to 4 (mean 2) mm towards the anteroseptal wall from end diastole to end systole (Fig. 12) . In comparison, in myocardial infarction there was a movement towards the infarcted wall. In anteroseptal infarction, the movement was 2 to 8 (mean 4) mm to the anteroseptal wall which is significantly larger than normal (Fig.  13) . On the other hand in patients with inferoposterior infarction, the movement was 2 to 9 (mean 5) mm towards the inferoposterior wall, contrasting with normal and anteroseptal idfarction (Fig. 14) . 146 Discussion Quantitative analysis of regional wall motion provides a useful method for assessing the severity and extent of myocardial ischaemia and infarction, determining a prognosis and evaluating the effects of interventions including exercise and pacing.
Left ventricular cineangiography detects wall motion abnormalities and several approaches for quantitative analysis of angiographic images have also been reported.7 ' 10 Angiography, however, is not only an invasive method, but also can display only image boundaries orthogonal to the field of view. In contrast, cross sectional echocardiography provides a more extensive image of the left ventricle around its entire circumference at multiple sectional levels noninvasively and can easily determine myocardial thickness.
Changes in segmental hemiaxis, segmental area, and segmental wall thickness in each octant corresponding Fujii, Sawada, Aizawa, Kato, Onoe, Kuno to the infarcted area documented by left ventricular cineangiography and electrocardiography were significantly lower than normal values and fell more than two standard deviations below the mean values established in 15 normal subjects. Measured values of (Dd-Ds)/Dd and (Ad-As)/Ad by our analytical method are lower in anteroseptal segments than in posterolateral ones in normal subjects when the fixed reference point of the geometric centre ofend diastolic left ventricular cavity is used, reflecting anterior swinging motion of the whole heart during systole. This swinging motion of the entire heart during systole is also confirmed by the fact that the geometric centre of the left ventricular cavity shifts a little towards the anteroseptal wall during systole. Nevertheless, the regional contractility of the left ventricular wall can be evaluated by comparing these values reflecting the net systolic motion of the heart with the normal range obtained in normal subjects. Moreover, (Rd-Rs)/Rd obtained by a generally ac- 
